Platinum-based chemotherapy has been shown to provide survival benefits in advanced non-small cell lung cancer (NSCLC). Maintenance/consolidation chemotherapy in NSCLC has gained renewed interest with improved tolerability of chemotherapy and the addition of biologic agents. Various studies have evaluated the role of prolonged duration of chemotherapy as well as maintenance/consolidation strategies with both chemotherapy and biologic agents. The available data at this time demonstrates that maintenance or consolidation therapy can improve progression free survival; however this does not result consistently in an improved overall survival. We review the literature with regard to duration of therapy and use of maintenance/consolidation therapy in advanced NSCLC.
Introduction
Non-small cell lung cancer (NSCLC) is the leading cause of cancer-related death in the United States. Approximately 215,020 people in the United States were expected to be diagnosed with lung cancer in 2008, with an expected 161,840 deaths [Jemal et al. 2008] . The majority of these cases would be NSCLC. Chemotherapy, with a platinum doublet, has been considered standard treatment for NSCLC based upon its palliative benefits and improved survival compared with best supportive care [Schiller et al. 2002; Non-small cell lung cancer Collaborative Group, 1995; Marino et al. 1994; Rapp et al. 1988 ]. The role for targeted agents, including bevacizumab, erlotinib, and cetuximab, has been evaluated and shown to improve overall survival (OS). Maintenance therapy -continuation of part of the initial treating regimen alone or consolidated with an alternate agent after initial treatment has been given -has been of renewed interest as the prolonged tolerability of agents has improved. We review clinical trials evaluating maintenance therapy in advanced NSCLC.
Duration of chemotherapy
In 2004, the American Society of Clinical Oncology (ASCO) recommendation for patients with stage IV NSCLC stated that only up to four cycles of chemotherapy be given to patients who are not responding to therapy and that first-line chemotherapy should be administered for no more than six cycles even in patients who did respond [Phister et al. 2004 ]. These recommendations were based on two studies that directly addressed the question of duration of chemotherapy in advanced NSCLC [Smith et al. 2001; Socinski et al. 2002] (Table 1) .
A trial by Smith and colleagues challenged the concept that prolonged therapy was superior to a shorter treatment course [Smith et al. 2001] . Patients were randomized to receive either three or six courses of mitomycin, vinblastine, and cisplatin. Key endpoints included OS, time to disease progression, and duration of symptom relief. Quality of life (QOL) was also assessed throughout the study. The median survival was 6 and 7 months for the groups receiving three and six cycles, respectively. The time to disease progression and median duration of symptom relief were the same in both arms. QOL was better for patients who received only three cycles of chemotherapy during the time period when patients in the other group were receiving the remainder of their six chemotherapy cycles. A second trial by Socinski and colleagues compared a defined four cycles of chemotherapy with carboplatin and paclitaxel against treatment with the same chemotherapy until disease progression [Socinski et al. 2002] . The median number of cycles given in both groups was four. Overall response rates were 22% in the group receiving four defined courses of chemotherapy, and 24% in the group receiving treatment until disease progression. Only 42% of patients treated until disease progression received five or more cycles. Hematologic and nonhematologic toxicity were similar between both arms except that 14% of patients in the group that received defined chemotherapy developed neuropathy, compared to 27% of patients treated until disease progression.
Since the publication in 2004 of the ASCO guidelines, additional studies have evaluated the optimal duration of first-line therapy. Von Plessen and colleagues demonstrated that six courses of carboplatin and vinorelbine provided no more benefit in terms of OS or QOL compared to three courses of therapy in patients with advanced NSCLC [Von Plessen et al. 2006 ]. This study also showed global QOL to be worse during the extended treatment period for the group that received six courses instead of three courses of therapy similar to that shown in the Socinski study. The number of blood transfusions was more than doubled in the group receiving six cycles of treatment. Given that treatment for advanced NSCLC is palliative, any treatment that provides no benefit in survival and diminishes QOL cannot be recommended.
Park and colleagues compared two and four additional cycles of cisplatin with either a taxane (paclitaxel or docetaxel) or gemcitabine in Korean patients who did not progress after their first two cycles of the same chemotherapy regimen for NSCLC [Park et al. 2007 ]. This study was designed as a noninferiority study. The trial did show that time to progression (TTP) was statistically superior with prolonged therapy, 6.2 months versus 4.6 months (p ¼ 0.001). However, this did not translate into an improvement in OS; 14.9 months for six cycles of therapy versus 15.9 months for four cycles of therapy (p ¼ 0.461). Only 63% of patients in the six cycle arm received second-line therapy compared with 74% in the four cycle arm. The authors concluded that this study supported ASCO's recommendation to give four to six cycles of chemotherapy but stated that the improvement in TTP warranted further evaluation of either maintenance or consolidation strategies. QOL was similar in both arms except during the time of extended treatment. During this time, role-functioning was better for the group that only received four cycles of treatment. This study was unique in that it evaluated duration of therapy in patients who responded to initial therapy, whereas the studies by Smith and Socinski described above assigned patients upfront, regardless of response.
Maintenance and consolidation
Maintenance therapy after induction therapy in patients who did not progress on the initial treatment has been evaluated in several studies (Tables 1 and 2 ). Brodowicz and coworkers evaluated the role of maintenance gemcitabine or best supportive care in patients that had an objective response or stable disease after treatment with cisplatin and gemcitabine [Brodowicz et al. 2006 ]. The primary objective was to show an improvement in median TTP. This objective was met with the group receiving maintenance gemcitabine having a TTP of 6.6 months versus 5 months for the best supportive care group Therapeutic Advances in Medical Oncology 2 (1) (p < 0.001). The median OS throughout the study was 13 months in the maintenance gemcitabine arm and 11 months in the best supportive care arm, which was not statistically significant (p ¼ 0.195).
Westeel and colleagues evaluated patients with metastatic NSCLC and randomized those who responded to four courses of mitomycin, ifosfamide, and cisplatin to either observation or consolidation with vinorelbine for up to 6 months [Westeel et al. 2005 ]. Of the 573 registered patients, 227 patients responded to induction chemotherapy. Of the responding patients, 91 patients received consolidation with vinorelbine and 90 patients were observed. Both arms showed a median survival of 12.3 months from date of randomization. Progression-free survival (PFS) was not significantly improved with consolidation vinorelbine therapy. This study differed from Brodowicz's study in that it evaluated an alternate agent with a different mechanism of action than that used in induction therapy. Some have referred to this strategy as 'consolidation therapy'.
Renewed interest in consolidation therapy has been generated in a recent study [Fidias et al. 2009 ]. This phase III study evaluated the role of immediate versus delayed second-line therapy with docetaxel after front-line therapy with gemcitabine and carboplatin in patients with advanced NSCLC. The group of patients treated with immediate docetaxel essentially received consolidation therapy since the only patients randomized were those who did not progress on initial therapy. and OS (15.5 months versus 10.3 months, p ¼ 0.002) with maintenance pemetrexed, but no difference in either PFS (9.9 months in maintenance pemetrexed arm versus 10.8 months with placebo, p ¼ 0.678) or OS (2.4 months in maintenance pemetrexed arm versus 2.5 months in placebo arm, p ¼ 0.896) with squamous histology. What are the practical applications of these results in everyday practice? It is noteworthy that even though a majority of patients on the placebo arm received second-line therapy, 81% of patients in the placebo arm never received pemetrexed at any point as part of their therapy. This agent is known to have activity in patients with nonsquamous histology, which is the subset of patients in this trial that benefited from maintenance pemetrexed. This study underscores the value of pemetrexed in the second-line setting for patients with NSCLC with nonsquamous histology but does not resolve the question of proper timing of this agent.
Soon and colleagues reported a meta-analysis evaluating 13 maintenance trials that included a total of 3027 patients [Soon et al. 2009 ]. Some of the trials discussed above were included in the meta-analysis. It showed an improvement in PFS with prolonged chemotherapy, with most benefit seen when third generation chemotherapy agents were used compared to older agents (HR 0.70 versus 0.92, p ¼ 0.003). However, prolonged chemotherapy translated to only a modest improvement in OS (HR ¼ 0.92; 95% CI 0.860.99, p ¼ 0.03). The authors do comment that the modest benefit in OS became statistically significant based on the inclusion of one trial in particular where data were extrapolated from an abstract. In addition, given that the goals of therapy for advanced NSCLC are improvement in not only OS but QOL, this analysis also showed more adverse events in patients receiving more therapy. In addition, only seven of the 13 studies evaluated QOL, and of those, five showed no significant differences in QOL. Two studies did show trends towards improved QOL with standard duration chemotherapy as opposed to prolonged chemotherapy. More recently, Hida and colleagues compared six courses of a standard platinum-doublet based therapy versus three courses of a platinum-doublet based therapy followed by gefitinib maintenance monotherapy [Hida et al. 2008] . They reported a statistically significant improvement in PFS favoring the maintenance gefitinib arm (p < 0.001) median PFS 4.6 months in the gefitinib maintenance arm versus 4.27 months in the chemotherapy alone arm. OS was not improved between the arms. It should be noted that just over 50% of patients on the chemotherapy arm alone received gefitinib later in their course of therapy after disease progression, possibly accounting for a lack of survival benefit. This trial also did not address the question of optimal timing of gefitinib, immediate versus delayed. In addition, all patients were Japanese and those randomized to the gefitinib arm included 79% with adenocarcinoma histology, 36% women, and 30% nonsmokers. These are characteristics of patients that have shown to gain the greatest benefit from EGFR-TKIs.
Maintenance targeted therapy
Another EGFR-TKI, erlotinib, has also shown activity in NSCLC. It was tested in a similar manner to gefitinib in the TRIBUTE trial [Herbst et al. 2005 ]. This trial included 1079 unselected patients with untreated advanced NSCLC. Patients were randomized to receive up to six cycles of chemotherapy with carboplatin and paclitaxel with either erlotinib or placebo. Patients were continued on maintenance erlotinib or placebo after chemotherapy was stopped. The primary endpoint was OS. Median survival was not statistically different between the groups, 10.6 and 10.5 months in the erlotinib and placebo maintenance groups respectively (p ¼ 0.95). A subset analysis of nonsmokers did show improvement in both OS (22.5 months versus 10.1 months) and TTP (6.0 months versus 4.3 months) with the addition of the targeted agent. These results were encouraging and provided a specific population that could benefit from the targeted agent however it is not clear that it was specifically the maintenance therapy that provided the benefit. Gatzemeier and colleagues completed a trial with a similar design but using cisplatin and gemcitabine and showed similar results, including the benefit seen in the subset of nonsmokers [Gatzemeier et al. 2007 ].
Bevacizumab is a monoclonal antibody targeted against vascular endothelial growth factor. It has been shown to have clinical benefit it patients with metastatic breast, colon and renal cancer [Miller et al. 2007; Hurwitz et al. 2004; Hainsworth et al. 2005 ]. Sandler and colleagues compared treating patients with carboplatin and paclitaxel with or without bevacizumab for six cycles in 878 patients with nonsquamous advanced NSCLC [Sandler et al. 2006 ]. The group receiving bevacizumab continued maintenance bevacizumab until disease progression or intolerable toxicity. OS was improved from 12.3 months in the bevacizumab with chemotherapy arm compared with 10.3 months in the chemotherapy alone arm (p ¼ 0.003) Median PFS and response rates were also improved in the group receiving bevacizumab versus those receiving chemotherapy alone 6.2 months and 35% versus 4.5 months and 15%, respectively. More recently, the AVAil study showed that PFS and response rate were improved with the combination of cisplatin and gemcitabine with bevacizumab over placebo [Reck et al. 2009 ]. Again, bevacizumab was continued after chemotherapy as maintenance therapy. PFS and response rates were also improved but OS was not. As with erlotinib in previous studies, it can be said that bevacizumab contributed to improved outcomes in the populations studied but it still is not clear if it was the addition to chemotherapy, maintenance therapy, or both that provided the benefit.
Most recently, the role of cetuximab, an anti-EGFR monoclonal antibody, was evaluated in combination with chemotherapy in patients with advanced NSCLC [Pirker et al. 2009 ]. Patients received either cisplatin and vinorelbine with cetuximab followed by maintenance cetuximab or cisplatin and vinorelbine alone without any maintenance therapy. The results showed no difference in PFS between groups (4.8 months in each arm) but an improvement in OS in the cetuximab arm 11.3 months versus 10.1 months (p ¼ 0.0441). However, the role of maintenance therapy is unknown as the median time of use for maintenance cetuximab was only 4 weeks, suggesting the majority of its benefit was with chemotherapy.
A phase III study presented at ASCO 2009, SATURN, evaluated standard platinum-based therapy followed by either erlotinib or placebo in patients who did not progress on induction therapy [Cappuzzo et al. 2009 ]. One of the primary endpoints was PFS. Of the 877 patients included in the study, PFS was improved in the consolidation erlotinib arm compared to placebo (HR 0.71, 95% CI 0.620.82, p < 0.0001). The subset of patients with a positive EGFR mutation seemed to derive the most benefit with erlotinib in terms of PFS (HR 0.10, 95% CI 0.040.25, p < 0.0001). Only 16% of patients in the placebo arm received erlotinib therapy as part of their further therapy. Another study, ATLAS, treated patients with either four courses of a standard platinum-based regimen with bevacizumab followed by maintenance bevacizumab and erlotinib versus the same induction chemotherapy and bevacizumab followed by bevacizumab and placebo in patients who did not progress with induction therapy [Miller et al. 2009 ]. Again the primary endpoint of PFS was met, favoring the maintenance bevacizumab and erlotinib group over maintenance bevacizumab alone 4.76 months versus 3.75 months respectively (HR 0.722, 95% CI 0.5920.881, p ¼ 0.0012). The study was stopped early, as per the recommendations of the data monitoring committee, given that the primary endpoint was met. All grade toxicity, predominantly rash and diarrhea, was higher in the SATURN study with maintenance erlotinib and in the ATLAS study with maintenance bevacizumab with erlotinib compared to the control arms. These two studies do not give any clear indication that QOL was improved in the experiemental arms, nor do these studies address the question of optimal timing of therapy. OS is reported to be superior with erlotinib in the SATURN trial. Survival data is awaited on the ATLAS trial.
Conclusion
Based on current information, strategies utilizing maintenance chemotherapy or biologic agents have shown improvements in PFS but not a consistent or substantial benefit in OS. The studies done thus far do highlight the need for improved second-line therapies but leave the question of optimal timing of therapy still to be determined. In our opinion, future studies with maintenance therapy should focus on directing specific therapy for subsets of patients that may derive particular benefit from a cytotoxic or biologic agent. In addition, endpoints should also be geared towards OS and QOL as PFS has not translated well to improvements in survival in many trials. Clinicians must continue to incorporate the trial results known to date into individualizing care for their patients. Improvements in response rate and PFS may have benefits for patients (those with substantial cancer-related symptoms relieved by treatment) even in the absence of improved OS. For others with fewer cancer symptoms, the toxicity (even grade 1 and 2) with prolonged therapy is not warranted.
